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See Gonzalo Herrera’s talk 
on New Physics with Cosmic Rays 

and Neutrinos







Targets for Dark Matter

Galactic Center Dwarf Galaxies Clusters of Galaxies

Blank Sky Cosmic Filaments Cosmic Voids
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Dark matter searches with 𝛾-rays and X-rays

Fermi-LAT

HAWC

MAGIC

Integral



Adapted from HAWC Collaboration (2026) Chianese et al (2026)



Halos Cosmic voids

APT Mission

Gamma rays x 21 cm 

(Radio with SKA)
Gamma rays x 

Optical (DESI)

Halos Cosmic voids

Gamma rays x 
infrared (2MASS)

Goodenough & Hooper 
(2009)

Cerny et al, arXiv:2510.02431

Stellar Cluster Dwarf Galaxy

Crnogorcevic & 
Linden (2024)

Circiello et al (2026)



𝜒 𝜒 ⟶ … → 𝑒+ 𝑒−

Adapted from Cirelli, Fornengo, EP, Roach, JCAP 07 (2023) 026

See Balaji et al (2025) for eROSITA

Inverse 
Compton

See John Tomsick’s talk on 
MeV gamma-ray astronomy and COSI

𝜒 → 𝑒+ 𝑒−



Boyarsky et al (2014)

Bulbul et al (2014)

In 2014 two independent 

groups reported an 

unidentified line at 3.5 keV 

with XMM-Newton and 

Chandra in clusters and M31 

𝜈𝑠 ⟶ 𝜈 + 𝛾 with 𝑚𝜈𝑠
= 7 keV 

❑ Atomic lines (e.g. potassium, sulfur etc)

❑ The existence of the line is highly disputed

❑ Excluded (except Shi-Fuller mechanism 

with large lepton asymmetry) 
•Vogel et al (2025)

•Akita et al (2025)

•Jeltema et al (2015) 

Sicilian et al (2022)

•Dessert et al (2023)



Axion searches with infrared and optical light
See Fuminobu Takahashi’s talk on Axion Cosmology



Primakoff production 
in stars: γ → 𝑎

1

Conversion 𝑎 𝛾
in lab and astro B-fields 

2

Axion decay 𝑎 → 𝛾𝛾3

Sun

Blank Sky

Clusters

Dwarf galaxies

Adapted from EP (2025)

James Webb Space 

Telescope



Radio searches in the cosmic web



GLEAM 154 MHz GLEAM 118 MHz GLEAM 88 MHz OVRO-LWA 73 MHz
Vernstrom et al 
(including EP), MNRAS 
505 (2021) 3, 4178-4196 



𝜒 → 𝑒+ 𝑒−

Synchrotron radiation

EP, Vienneau, Bozorgnia (2026)

Why haven’t we observed 
this signal elsewhere?

𝜒 → 𝑒+ 𝑒−
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An eye toward the future



LSST 2025

SPHEREx 2025

Euclid 2023

SKAO 2030s

CTAO 2026

Roman 2026

COSI 2027

ELT 2029

The Next 

Five Years

PRIMA 2031



Abe et al (2025) Coogan et al (2023)

See John Tomsick’s talk on 
MeV 𝛾-ray astronomy and COSI

See Tomislav Terzic’s talk on 
Fundamental Physics with IACT

See Motoko Fujiwara’s 
talk on WIMP paradigms



Xu & Hooper (2023)

APT



Gravitational tracers

Galaxy catalogues

Clusters catalogues

Neutral hydrogen

Weak lensing

DM signals

𝛾 rays

X rays

IR emission

Radio waves



Timely!

Dark Matter

Voids x 𝜸-rays

SPHEREx 2025

Roman 2026

Euclid 2021

Rubin 2025

Arcari, EP et al (2022)

DESI 2021



Next-generation telescopes turn into 
sensitive experiments for particle physics

1

2
Traditional and new environments (e.g. 
filaments and voids) open novel windows 
on dark matter

Success requires critical cross-pollination 
between particle physics, cosmology, and 
astrophysics

3



Next-generation telescopes turn into 
sensitive experiments for particle physics

1

2
Traditional and new environments (e.g. 
filaments and voids) open novel windows 
on dark matter

Success requires critical cross-pollination 
between particle physics, cosmology, and 
astrophysics

3 Thank you for 

your attention!



Fermi-LAT

Murray Gell-Mann

James Webb Space Telescope

Back-Up Slides



Future 

MeV 

Telescopes
Watanabe+ 

2504.11810

O’Donnell & Slatyer,

2411.00087



APT 

Performance

S. Alnussirat et al., “The Advanced Particle-

astrophysics Telescope: Simulation of the 

Instrument Performance for Gamma-Ray 

Detection,” PoS ICRC2021 (2021) 590.



Experiments Wavelength Sky Coverage Angular Resolution

Vera Rubin (LSST) 0.3 – 1.0 μm 

Optical

40-45% 0.7”

Euclid 0.55 – 2.0 μm 

Optical + NIR

35% 0.2”

Roman 0.5 – 2.3 μm

Optical + NIR

5% 0.1”

SPHEREx 0.75 – 5 μm

NIR

100% 6”

JWST 0.6 – 28 μm

NIR + mid-IR

< 1% 0.06”

Resolution Hierarchy:

JWST > Roman > Euclid > LSST >> SPHEREx

Sky Fraction Hierarchy:

SPHEREx > LSST ~ Euclid >> Roman >> JWST

These experiments span complementary regimes:

From all-sky low resolution (SPHEREx) to ultra-deep and small sky coverage (JWST)



PRIMA's Far Infrared Enhanced Survey Spectrometer 

(FIRESS) offers multi-mode spectroscopy capable of both 

area mapping as well as dedicated point source observations. 

At the heart of FIRESS are four slit-fed grating spectrometer 

modules which are logarithmically spaced in wavelength and 

combine to cover the full 24-235 μm band. In addition, a 

Fourier Transform Module (FTM) can be inserted in the light 

path of the grating modules to produce high-resolution 

spectroscopy across the full wavelength band. 

PRIMA

https://prima.ipac.caltech.

edu/page/instruments



Circiello et al, APJ Lett. 978 (2025) 2, L 43

Dwarf Galaxies: 
extended & low luminosity

Stellar Clusters:
compact and more luminous

Dwarf Galaxies vs Stellar Clusters

According to Cerny et al (2025), 
UMaIII/U1 is the least-luminous 

and most metal-poor Milky Way 

globular cluster known.



The Dark Matter Signal

DM → 𝑒+ 𝑒− Synchrotron radiation

EP et al (2025b)

Evan Vienneau 

(Graduate Student,

University of Alberta)

See also Yang, Hudson, Afshordi (2022)



Why 
Filaments?

Dunsky, Krnjaic, EP (2026)



Magnetic 
Fields in 

Filaments

Amaral et al, MNRAS 503 (2021) 2, 2913-2926

𝐵~𝑂 1 − 1000  𝑛𝐺



Axion Decay Signal

𝑑𝜙𝑎

𝑑𝐸𝑑Ω
=

Γ𝛾

4𝜋 𝑚𝑎

𝑑𝑁

𝑑𝐸
𝐷

Axion mass Emission 
spectrum

D-factor

Emission rate Γ𝛾 =
1

𝜏
=

𝑔𝑎𝛾𝛾
2 𝑚𝑎

3

64𝜋

𝐷 𝜃 = න 𝑑𝑠 𝜌 𝑟 𝑠, 𝜃

ρ⊙ = 0.3 GeV/cm3



Enhanced 
JWST Dataset

• Over 1000 targets

• Both NIRSpec and MIRI

• More statistics, better targets and broader mass coverage

EP (2025a)



The Axion Landscape

Credit: C. OHare



Dark Matter Prospects with CTAO

EP et al (2025)

𝐸𝛾~ 20 GeV − 300 TeV

Full-sky map (North & South arrays)

First observations in 2026
Competitive for TeV dark matter searches
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  𝜒   → e +  e −


   𝜈 s ⟶ 𝜈 + 𝛾


  with    m   𝜈 s = 7   keV


  γ → a


  a ↔ 𝛾


  a → 𝛾 𝛾


  𝜒   → e +  e −


  𝜒   → e +  e −


  𝛾


  𝛾  


  DM   → e +  e −


  B ~ O  (  1 − 1000 )   n G


    d  𝜙 a  d E d Ω =    Γ 𝛾  4 𝜋    m a     d N  d E   D


   Γ 𝛾 =  1 𝜏 =    g  a 𝛾 𝛾 2    m a 3  64 𝜋


  D  ( 𝜃 ) = ∫  d s   𝜌  (  r  (  s , 𝜃 ) )


   ρ ⊙ = 0 . 3   GeV /   cm 3


   E 𝛾 ~   20   GeV   − 300   TeV

